after a long illness borne with much grace and dignity, Iain MacIntyre died in London on 18 September 2008. He had led a most distinguished career over five decades as a major figure in the field of calcium-regulating hormones and bone metabolism, with his many scientific achievements marked by originality as well as biological and medical importance. among his many accomplishments were the co-discovery with Harold Copp of the hormone calcitonin, whose glandular origin, structure and biological and medical functions he defined. Iain also was the first to isolate and sequence, with colleagues, the novel human neuropeptide calcitonin gene-related peptide, demonstrating its role as a potent vasodilator. Subsequently Iain defined the multiple phenotypic consequences attributable to nitric oxide production by different enzymes in a tissue-specific fashion. a major educational contribution was in conceiving and organizing an important biennial series of international endocrine meetings held between 1967 and 1981. these were memorable occasions, at which calcium metabolism and bone metabolism featured strongly, but so too did the latest topics in endocrinology. the meetings featured outstanding national and international speakers from many fields, and pushed the participants to think beyond the confines of their immediate interests. the published proceedings of those conferences are well worth re-reading, with much content that was prophetic and much that provides genuinely valuable history. these meetings played a very influential international role and had a seminal inspiring influence on the international careers of many young researchers who have since achieved major distinction. Iain was elected a Fellow of the royal Society in 1996, served on a Sectional Committee, and was awarded the Buchanan Medal of the Society in 2006.
FaMily and early yearS
Iain MacIntyre's antecedents came from the island of Mull in the Hebrides. tobermory, the town of the island, had become congested with people seeking sustenance and shelter after the failure of the potato crop in the 1840s and the subsequent clearing of island estates by ruthless landlords. the 1871 census shows John MacIntyre, aged 48, a shoemaker, and his wife Mary, aged 40, living in cramped conditions in argyll terrace, tobermory, with five sons and three daughters, ranging in age from 17 to 2 years. In april 1882 Peter, the second son, aged 26 and like his father a shoemaker, married Christina McPhail, a 22-year-old dressmaker, in the Free Church of Scotland in tobermory. It is through related grandfathers in the Mull MacIntyres that Professor angus MacIntyre FrS, former Professor of Mathematical Logic at the University of Oxford, and currently at Queen Mary, London, whose family hails from taynuilt, argyll, has kinship with Iain MacIntyre.
Peter and Christina's son John was born in tobermory in 1883. Many Gaels left the highlands and islands in search of employment and security. John MacIntyre went to Glasgow and prospered there, becoming principal of a produce-importing business, a large company with one of its major functions being to supply passenger liners. In June 1922, at the relatively late age of 39, he married Margaret Fraser Shaw, daughter of angus Shaw (deceased), a police clerk. Like his parents, John married in the Free Church of Scotland.
John and Margaret had three children, Iain being the eldest. When Iain was born on 30 august 1924, the family lived in a flat at 121 york Drive (since renamed novar Drive), Hyndland, Glasgow. Within a few years, as the business prospered, John and Margaret established the family in Mitre road, Scotstoun, a solidly middle-class district of Glasgow. Iain's sister and brother were to die in tragic circumstances. Christina married J. Douglas easton, a research chemist. She passed away in april 1969, aged 41, of multiple sclerosis. In the following year, on the third day of January, Iain's brother, nichol, a produce broker like his father, lost his life at the age of 37 in a climbing accident on the Cuillins, the formidable mountain range on the Isle of Skye.
Glasgow underwent great hardships in the years of Iain's schooling and university. John MacIntyre's business suffered greatly in World War II, depending largely as it did on the security of the shipping lanes for the passenger liners that the company supplied. the MacIntyre home in Glasgow was perilously close to the most heavily bombed areas of Clydeside. From 1936, Clydeside was involved with the whole of Britain in preparations for a war that was likely to involve aerial attacks on civilian and industrial targets. Plans were made for the evacuation of children to safe areas and for the protection of the population that remained in target areas. the population was educated about how to deal with air raids and their aftermath, and specialist air raid Precautions organizations were set up with both volunteer and professional personnel trained in various aspects of emergency work. this was done against a background of controversy about the idea of preparing for a war that many thought could be avoided and at a time when most of Britain's population, certainly Clydeside's population, was only just recovering from the Depression of the 1930s.
the worst bombing of Clydeside took place in the spring of 1941, with the whole of Clydeside under attack between March and May. the most concentrated destruction took place only a few blocks away from the MacIntyre family home. the Luftwaffe conducted intensive bombing of Clydebank on the nights of 13 and 14 March 1941, when one of the principal targets was Harland & Wolff's shipyard at Scotstoun, which made guns for naval vessels. the MacIntyres would have heard the terrifying detonations, and witnessed the razed tenements and homeless people pushing prams with their salvaged possessions.
early in his business career, although he was the principal of a produce-importing business, John MacIntyre had considered abandoning that to study medicine. this was a serious option that he ultimately decided not to pursue. He was much interested in everything scientific as well as in Gaelic scholarship, at which he excelled. John was a native Gaelic speaker, and he and Margaret consistently spoke Gaelic in front of the children. Iain always regretted that he did not take the Gaelic language with him to adulthood-he retained his Glasgow accent, however. Books were a feature of the family home, among them many on Darwinism and its scientific, philosophical and religious implications. the collections of books in Iain and Mabs's home over the years were similarly eclectic, and Iain certainly inherited his father's passion for intellectual discussion and argument. John had been very interested in constructing and designing radios, and Iain recalled that when he was a child their home contained many early crystal sets and, later, more elaborate multi-valve short-wave radios that were relatively advanced for their time, the early 1920s. John was also a keen photographer and successful chess player, ranked first or second in Glasgow at different times. Iain developed his interest in chess from his father, and was Vice-President of the english Chess association for a period.
School and univerSiTy through all difficulties of the Depression years and the war, the MacIntyre family put education above all other priorities. Iain's entire schooling from 1929 to 1942 was spent at Jordanhill College School, Glasgow, after which he proceeded to Glasgow University to study medicine. at school he played all sports and was Junior athletics Champion; he finished as Joint Dux of School and winner of the Science prize, with final-year subjects of chemistry, physics, mathematics, special dynamics, French and english. In his final school year he had decided to read physics at university, but the headmaster persuaded him to change to medicine.
He graduated in medicine at Glasgow in 1947 having achieved a scattering of class distinctions in a variety of subjects, including pharmacology. If the sparseness of undergraduate distinctions seems surprising in light of his subsequent career, the explanation might lie in the importance that he accorded to sport, and the time that he devoted to it. Iain played rugby and tennis for Glasgow University and was a member of the university boxing team. Participation in sport remained important to him throughout life. He played squash rackets for many years, and tennis at Queen's Club. to all those who joined or observed these activities, Iain's intensely competitive spirit was very evident. that competitive spirit was evident from an early age in his attachment to competitive sport, and extended to all aspects of his life. an illustrative anecdote has Iain having his spectacles broken by his opponent during a squash game, but insisting on continuing because he knew it would unsettle his opponent if he did so. He won the game. Such as this was a feature of his academic career, aiming to be first and best with new data and interpretations, and always ready to provoke and engage in debate, but it came through in whatever he did-be it science, chess, or dinner conversations that might be livened up by the introduction of something controversial, he was always likely to be a prime mover.
If he met his match, though, it was his wife, Mabel (Mabs) Wilson Jamieson, whom he married on 14 July 1947 at Glasgow University Chapel. Mabs was the daughter of George Jamieson of aberdeen and Janet Cecilia Kirkwood Kilpatrick Bell of Largs. She and Iain were contemporaries at Glasgow University, where she graduated in 1945 with major subjects of German and english literature, both with distinction. In later years Mabs could occasionally be heard reminding Iain and anyone else how much more distinguished her undergraduate career had been than his. Upon graduating, Mabs taught english, French and German, continuing to do so in London for a few years when the family moved there in 1952. their daughter, Fiona Bell MacIntyre, was born in London in 1953; she went up to St andrews University in 1972, taking her Ma in psychology and philosophy and going on to a highly successful career in publishing. Iain was deeply attached to Fiona, her husband nigel, and the only grandchild, Jamie, born in 1984. career choice after graduation and a year in a clinical appointment in Glasgow, Iain moved with Mabs to Sheffield, where he took up appointment as a trainee pathologist, but, importantly, acted as honorary demonstrator in biochemistry in the laboratory of Hans (later Sir Hans) Krebs FrS. Krebs's department in Sheffield was a very small one, with much opportunity for day-to-day interactions and discussions. this exposure to Krebs's methods and thinking during those years influenced Iain's approach to his selected pathology career. In the 1940s very little biochemistry, or physiological chemistry, was taught to medical students in ways that would excite an inquiring mind. Pathology had a long history of contribution to medicine, and was strong in Scotland, but it was the contact with Krebs that was critical in the directions chosen by Iain MacIntyre in pathology.
rather than following the usual path with a focus on tissue pathology, he was successful in being appointed as a junior registrar in chemical pathology at the (later royal) Postgraduate Medical School (rPMS) in London, at that time arguably the institution that led academic medicine in the UK. He held that position until being awarded the first Sir Jack Drummond Memorial Fellowship in 1954. He had come to view chemical pathology as a way of studying biochemical mechanisms of disease, and saw the need for a strong grounding in research.
Chemical pathology departments in those times were largely responsible for the management of routine biochemical assays and helping clinicians with advice in their interpretation. Opportunities for basic biochemical research were often limited, but some academic departments were successful; the Chemical Pathology Department at the rPMS, under the direction of Professor e. J. (earl) King, was notable among these. after his good fortune in interacting closely with Hans Krebs, he was to benefit very greatly also from his years to come with earl King.
early yearS in cheMical paThology Iain MacIntyre was offered his position at the rPMS by earl King, a widely respected leader in biochemistry in relation to medicine, and one who would have a major influence on him. King had come to Hammersmith in 1935 from his native Canada, where he trained in his early years at the Banting and Best Institute. Having been steeped in the development of micro-methods for the accurate measurement of blood sugar in those years, he subsequently became a great innovator of methods of assay using micro-quantities of material, but always with a view to applying them to questions of physiology or pathology. among the research and development interests in the department at that time were King's work on phosphatases and that of Ian Wootton (King's successor as department head) on bile acids with the infrared spectrophotometer.
Several editions were published through the 1950s and 1960s of two excellent books that were indicative of the industry and commitment of King and of his Department of Chemical Pathology: Microanalysis in medical biochemistry (by e. J. King and I. D. P. Wootton) and Biochemical disorders in human disease (by e. J. King and r. H. S. thompson). King possessed a powerful personality and played a major role in the affairs of the Biochemical Society, was Chairman of the editorial Board of Biochemical Journal for some years, and tried to ensure that the Department of Chemical Pathology was active in the Biochemical Society.
Iain was a great admirer of earl King and acknowledged indebtedness to him for the opportunities that came his way. He respected the fact that King was very direct in his dealings with people and a hard taskmaster with his graduate students, but possessed an engaging personality that allowed him to resume an easy relationship after any argument or disagreement. In fact it is not difficult to identify some of the same traits in Iain himself. King's approach was to give free rein to those in the laboratory, but there was always an absolute insistence on high standards of analytic precision and accuracy. this discipline was to play an important part in Iain's subsequent work on magnesium and then calcium metabolism.
When Iain had started as a registrar in 1952, King's interest was in measurement of total body composition, and Iain worked initially on the development of techniques for measuring total body fat and total body water. In his early work on total body composition he collaborated with J. e. S. Bradley and David Davidsson (from Iceland, and a British Council Fellow) in researching methods applicable to disease states. this involved estimating total body water with tritium and antipyrine, and the estimation of extracellular fluid with radioactive bromide, extending the experiments to the measurement of total body calcium by neutron activation. the direct estimation of body fat was addressed by using radioactive krypton, and 45 Ca was used in Iain's critical analysis of errors in the most commonly used analytical method for calcium determination (1)*.
this was a time of expansion of the use of radioactive isotopes-22 na, 57 Co (for vitamin B 12 , 28 Mg (for magnesium metabolism) and 131 I (for radiolabelling of proteins for assay)-and the several Hammersmith laboratories were at the forefront of such work. as was the case with many of Iain's students and research fellows, Davidsson remained a lifelong friend after his return to Iceland, forging a link that resulted in Icelandic trainees coming to Iain's laboratory. One of these, Veigar Gudmundsson, who had a major role in the extraction and purification of calcitonin as well as in early biological experiments, stayed on in an academic position at the rPMS before returning to a senior chemical pathology post in reykjavík.
Iain studied mineral metabolism in addison's disease, and in experimental states in rats. to help in studies of the excretion of acids and bases in electrolyte deficiency, he devised and built a flame photometer that incorporated parts of a spectrophotometer for the isolation of narrow wavelength bands, and a photomultiplier for higher sensitivity. this was the type of method innovation that King enjoyed, and he provided strong encouragement to Iain to work on it and adapt it to the measurement of calcium. King had an interest in calcium that went back to his association with J. B. Collip FrS in toronto, and his encouragement, advice and support allowed Iain to succeed in building the instrument and establishing the method. By modifying this instrument, particularly by using an air-acetylene flame that was hot enough to excite the calcium lines, he was able to estimate serum calcium and magnesium concentrations with a high degree of accuracy and precision, and provided evidence that the accepted values for serum calcium were consistently too low (1), an observation that was critical in leading him to his major work on calcium metabolism. a particular benefit of King's support was that throughout the development of this method, Iain was able to resist the protests from others working nearby in the laboratories that the method was both noisy and dangerous. Both were true. His publication of the method (1) described the structure of the spectrophotometer in great detail, and included extensive work showing the inaccuracies bedevilling the most commonly used colorimetric assays for calcium, that of Kramer & tisdall (1921) and its modification by Clark & Collip (1925) . the 1958 paper, although intensely technical in its content, is interesting for the way in which it was written, with Iain using very careful analytical methods and compelling logic to make the point unequivocally that the methods he was analysing and criticizing were inadequate. this style of writing was to feature throughout his work in the years to come, and thus often achieved its purpose of exciting interest, to the point of controversy. Certainly the effort put into attaining a high level of accuracy and reproducibility in calcium assay was to be rewarded many times over in the experimental work that followed in the next few years.
From 1955 Iain was appointed as the first Jack Drummond research Fellow in the department, and as assistant lecturer from 1957. He began to develop his interest in magnesium metabolism, with PhD student nancy alcock and Davidsson, studying experimental magnesium deficiency with reference to its effects on calcium metabolism and oxidative phosphorylation (2, 7), which led him to his first work with a. G. e. (tony) Pearse on histochemical changes in the kidney in magnesium deficiency. a few years later, Pearse was to make a major contribution to identifying the calcitonin-producing cells in the thyroid gland. collaBoraTionS and reSearch opporTuniTieS aT haMMerSMiTh the environment at Hammersmith in those years was a stimulating one, with outstanding clinical research groups in the Department of Medicine, many of whom had first-class basic research programmes as well. the Wednesday morning Medical Grand rounds, with compulsory participation of all academic, clinical and research staff, gathered together great contemporary names in medicine, pathology and radiology (for example John McMichael, Chris Booth, Moran Campbell, t. russell Fraser, Cuthbert Cope, Celia Oakley, tony Pearse, Iain MacIntyre, Graham Joplin, Keith Peters, John Hobbs, Ian Wootton, robert Steiner, Frank Doyle, John azzopardi and e. Dilwyn Williams). Clinical cases were presented so that the mechanisms and management of disease could be discussed comprehensively, from the applied to the most fundamental. the levels of critical analysis and debate achieved at these were exceptional, with participants ever ready to challenge the claims of their colleagues.
the Head of Medicine was John (later Sir John) McMichael (FrS 1957) , who together with earl King provided powerful leadership of the institution. they both encouraged collaborative research within the campus, and Iain took full advantage of the opportunities that his expanding skills and experience provided. He worked with russell Fraser (endocrinology) and Chris Booth (who succeeded McMichael as Head of Medicine) (3-6, 8, 12) , and he established the Metabolic Unit that began by studying magnesium balance in clinical states, subsequently directing this unit for many years.
Iain's research career at Hammersmith was stellar from the start, and the highlights will be discussed below, but it can be summarized for its several stages in development. First was the work on magnesium metabolism (with nancy alcock and David Davidsson) and the clinical collaborations on clinical syndromes of magnesium deficiency (with Chris Booth) and the establishment of the Metabolic Unit to perform calcium balance studies in osteoporosis and other metabolic bone disorders (with russell Fraser and Graham Joplin). Second was the dramatic period of calcitonin discovery, 1962-65, with several milestone publications in Nature and The Lancet (with ashwini Kumar, Giraud Foster, ella Slack and Veigar Gudmundsson), followed from 1965 to the 1970s by studies on the mechanism of calcitonin action (with Chris robinson, Jack Martin and Jane Moseley) and the origin of calcitonin in C cells of the ultimobranchial gland (with tony Pearse). then came the clinical work that lasted more than a decade, on medullary carcinoma, the calcitonin treatment of Paget's disease, and osteoporosis (with nick Woodhouse, Peter Greenberg, Charles Coombes and John Stevenson). the next stage, with an exciting change of direction but further success throughout the 1970s, was the regulation of activation of the hormonal form of vitamin D (with richard Larkins, Kay Colston and Lee Galante). the late 1970s began a decade of fascinating study of the calcitonin family of peptides, and the introduction of molecular methods into the laboratory alongside the high-quality protein chemistry that was always evident (with Carrie Hillyard, Michael Szelke, Sunil Wimalawamsa and Mone Zaidi), then finally the entry into the field of osteoclast activation, which influenced Iain's move in his retirement to the William Harvey Institute.
the preceding paragraph mentions some of the students and research fellows of those years, but does not do justice to all. Great excitement for the current research was generated in all those periods, and those who worked with him vividly recall Iain's infectious enthusiasm for data and their interpretation. We especially recall the flow of ideas that always accompanied any new finding, the speculations that were exhilarating and often finished up being farfetched, but that were always likely to provide the stimulus for further experiments.
The calciTonin diScovery When Iain was well into the work of his PhD thesis on body fluids, he decided to concentrate on the control of magnesium metabolism, because it was so poorly understood. In doing so he used a development of the flame photometer, applying assays to both experimental and clinical studies of magnesium metabolism. During a period working at the national Institutes of Health in 1960-62 searching for endocrine modulators, he established methods of perfusing the thyroid-parathyroid axis of dogs, with the aim of investigating magnesium regulation. When he returned to Hammersmith, however, King pointed out to him the possible existence of a new calcium-lowering factor, after a meeting he had attended of the Canadian Physiological Society, at which Harold Copp (FrS 1971) of Vancouver had presented his early experiments suggesting that possibility.
at that time the prevailing view of serum calcium regulation was that calcium in blood was regulated through a negative feedback control mechanism requiring decreased parathyroid hormone (PtH) secretion to counter a high calcium level, and the reverse to correct hypocalcaemia. MacIntyre already knew from precise measurement how very tightly regulated the blood calcium level is from minute to minute in any individual, and he shared the view of Howard rasmussen that a control system that used only the PtH would be too slow-acting (rasmussen 1961). Faced in early 1962 with the immensely appealing idea that a rapidly acting calcium-lowering hormone might exist (Copp et al. 1962) , Iain redirected the focus of his newly developed experimental systems to calcium metabolism. He came to this as one who had assiduously studied the history of current understanding of calcium metabolism. He had a deep understanding of the experimental approaches that had been used and the concepts provided in the 1920s to 1950s by J. B. Collip, Hans Selye, Fuller albright, Franklin McLean, Marshall Urist and indeed by Copp himself.
With all the necessary methods in place, Iain's laboratory was able to provide the first substantial support for Copp's work by using thyroid-parathyroid perfusion studies in dogs to show that a powerful, rapidly acting calcium-lowering hormone existed. In these initial experiments, published in The Lancet in 1963 (9), they showed that high-calcium perfusion of the thyroid alone in parathyroidectomized dogs caused a rapid lowering of serum calcium, clearly occurring earlier than the decrease after total thyroparathyroidectomy. In doing this they used a very effective technique that Iain had developed for perfusion with blood containing high or low levels of calcium, by passing blood through an ion-exchange resin column (10).
the suggestion by Copp that a new calcium-regulating hormone might exist had stirred wide interest in the control of calcium homeostasis. although there was much satisfaction and excitement when Iain's laboratory supported that concept with this work, Iain was careful to point out in the Lancet paper (9) that they had not distinguished between a parathyroid and a thyroid origin of calcitonin: experiments on perfusion of isolated parathyroid glands separated from all thyroid tissue are not technically feasible in the dog. Complete proof requires such studies, and the isolation and characterization of the hormone. However, evidence in favour of this new hormone is now strong.
this field of research rapidly became one of intense competition, fuelled by the exciting prospect that there might be a new hormone, but tempered by the scepticism that many had of Copp's conclusions. Controversies flourished, particularly at conferences that enjoyed very open discussion. notable among these were the annual Gordon Conferences on Chemistry, Physiology and Structure of Bones and teeth, traditionally held in the late summer in spartan accommodation at a boys' school in new Hampshire. Herbert Fleisch (Berne, Switzerland), discoverer of the bisphosphonates, years later recalled that he was in a state of high anxiety as a young postdoctoral fellow of Willam F. neuman, when faced in 1963 with the prospect of presenting his work on pyrophosphate before a group of such big names in the field. In the event, he was relieved to escape virtually unnoticed because they were all so preoccupied with their intense discussion and criticism of the calcitonin data and concept.
the idea of intense competition constituted no obstacle to Iain MacIntyre; he thrived on it, and transmitted his enthusiasm to those working with him, particularly at that time as research fellows, ashwini Kumar (Commonwealth Visiting Fellow from India) and Giraud Foster (visiting fellow from USa). at about the same time as the MacIntyre laboratory published their support for the Copp concept (9), Paul Munson and his colleagues from Harvard Dental School, Boston, USa, reported that crude acid extracts of rat thyroid glands caused hypocalcaemia when reinjected into rats. Since 1958 they had been observing in their studies that in rats parathyroidectomized by cautery, a more profound decrease in serum calcium occurred than in rats parathyroidectomized by surgical excision (Hirsch et al. 1963 ) (illustrated in figure 1) . they had no explanation for this, but they reawakened their interest in it after Copp's discovery of calcitonin. they called the thyroid activity 'thyrocalcitonin' and showed it could not be found in extracts of other tissues, including the parathyroid (Hirsch et al. 1964) .
With the completion of the dog experiments and their publication in 1963, Iain had concluded that it would be necessary to perfuse the parathyroid and thyroid glands separately. the goat was chosen for this work because this animal's external parathyroid glands have a separate blood supply from the thyroid, which contains the internal parathyroids (11) (figure 2). a high degree of skill and attention to anatomical detail were needed for this experimental surgery approach. Iain's close collaborative links with Professor e. C. amoroso FrS (royal Veterinary College, London) and W. J. Dempster FrCS (Department of Surgery, Hammersmith Hospital) were crucial in ensuring its success. High-calcium perfusion of the parathyroid alone in a group of goats produced no appreciable change in systemic serum calcium, but perfusion of the total thyroid-parathyroid apparatus caused a prompt lowering of calcium (figure 2). Furthermore, intravenous injection in the goat of an autogenous thyroid extract lowered calcium directly. they concluded from their series of experiments that calcitonin was of thyroid origin and was identical with thyrocalcitonin, the name given by Hirsch et al. (1964) to the hypocalcaemic factor that they extracted from rat thyroid glands. the calcitonin nomenclature began to be accepted from that time.
although it was clear that the important source of calcitonin was the thyroid gland, it was still not possible to say definitely that the hormone was not produced elsewhere, including in the parathyroid glands. Some of Copp's findings still required explanation, notably the hypocalcaemic effects of some parathyroid extracts. In his group's work the important experiment that led them to exclude a thyroid origin of calcitonin was that in which hypercalcaemic perfusion of dog thyroid glands produced no change in systemic serum calcium, whereas thyroparathyroid perfusion caused a prompt fall (Copp et al. 1962) . In all their other perfusion experiments thyroid and parathyroid glands were treated as a unit. It is difficult to explain why their results in that vital experiment differed from those of Kumar et al. (9) , who used a similar type of experimental showing changes in serum calcium after surgery. (reproduced, with permission, from Hirsch et al. (1963).) model. the strain of dogs or dietary regimes could have masked the response. there were differences in technical details, perhaps the most relevant being that the hypercalcaemic blood used by Kumar was at 14-15 mg of calcium per 100 ml, whereas in Copp's experiments it was only 12 mg per 100 ml, thereby applying a smaller hypocalcaemic stimulus. Copp presented the calcitonin story at the Laurentian Hormone Conference in September 1963 (Copp & Henze 1964) . Giraud Foster had the opportunity of discussing Copp's presentation of the MacIntyre laboratory's confirmation of the existence of calcitonin but uncertainty over whether it might be of thyroid origin-something they would only resolve in the next few months. the extensive discussion that took place at that conference and was published with Copp's paper reflects the initial scepticism among many that a new hormone had been discovered, but at the same time there was much excitement provoked by the possibility.
Discussion of the question of thyroid or parathyroid origin could never obscure the fact that an outstanding contribution to this field of research was made by Copp. Without his persistence and elegant experimental techniques there might have been no suggestion of another factor controlling serum calcium. Its discovery led to a re-examination of the mechanism of calcium homeostasis, and the proposition arose that calcitonin might have an important role in controlling day-to-day fluctuations in serum calcium. In his memoir of Harold Copp written for the royal Society (33), Iain MacIntyre made this point very clearly. In 1967 Iain shared with Harold Copp the Gardner International award for the co-discovery of the origin and existence of calcitonin. He also acknowledged in the Copp memoir the great contribution of Paul Munson and colleagues at Harvard. a major influence on his career that Iain was always grateful for was that of earl King, whose great support over several years made his research possible. Before they had completed the work for the 1963 Lancet paper, earl King died suddenly in October 1962. When interviewed at Hammersmith Hospital by David Hill FrS on the subject of King, Iain responded to the comment of Hill that it was nice to think that earl was still alive at the beginning of that great development: Figure 2 . the separate blood supply of the superior (external) parathyroid gland allowed the separate perfusion of either the parathyroid alone or the combined thyroid-parathyroid. In each case the contralateral thyroid and parathyroid tissues were removed surgically. (reproduced, with permission, from (11).)
yes, but you know he missed the fun of it. that was something I always regret. It was all done with money earl probably should not have told me to use. and he loved controversy, he loved people to go to scientific meetings and talk about new things. He loved and relished every minute of it.
that comment tells us as much about Iain MacIntyre as it does about earl King, the two men having much in common, as Iain showed repeatedly in the years after the calcitonin discovery. . the subject matter of those conferences, and the nature of the MacIntyre laboratory's contributions to them, provide a comprehensive summary of the directions and progression of calcium-regulating hormone research and of Iain's research over the next two decades. Crucially, though, they featured novel and exciting developments in other fields of endocrinology, notably gastrointestinal peptides and neuropeptides, and brought the new science of gene cloning to the field of endocrinology, long before the days of frequent big meetings and electronic transfer of information. although the scope was to broaden in subsequent conferences to reflect the rapid changes in thinking and technology in endocrine science, the 1967 conference involved all of those international participants needed to deliver an accurate assessment of the status of calcitonin at that time. this included the history of its discovery and the controversies about scientific priority, accounts of the early attempts at purification before sequence data had been obtained, studies of mechanism of action in vitro and in vivo (13-15), and reports of the first injections of calcitonin into human subjects, in which injection of the porcine hormone lowered the plasma calcium in three patients who had hypercalcaemia complicating metastatic cancer (16). the proceedings also included the first collected summaries of data of the previous few years concerning the cellular origins of calcitonin. Collaboration at Hammersmith with the distinguished histochemist tony Pearse led to the suggestion that the mitochondrion-rich cells of the thyroid gland are responsible for calcitonin production . When Pearse (1966) observed electron microscopic changes in the parafollicular cells of the dog thyroid after highcalcium perfusion, he ascribed to these cells the function of either synthesizing or storing calcitonin, and gave them the name 'C cells'. they are identical with the argyrophil parafollicular cells that had been described in the dog; in other species, for example the pig, they occupied epifollicular and follicular positions (Bussolati & Pearse 1967) . armed with this and other evidence, Pearse pointed out that there were two possibilities for the origin of C cells-the ultimobranchial bodies and the neural crest-and he favoured the former site, confirming this in the parafollicular cells of the rodent thyroid . Because the ultimobranchial bodies remain as separate organs in birds, fish, reptiles and amphibians, this work thus had identified a new endocrine organ system, based on the ultimobranchial origin of calcitonin , and one that gained much attention in the MacIntyre laboratory research over several years of study of calcitonin in many species. Harold Copp learned of this work from Pearse at its early stages during a visit to the Hammersmith laboratories. In discussing a paper by Paul Munson at the 1968 Laurentian Hormone Conference (Munson et al. 1969 ), Copp paid tribute also to Pearse:
I was made aware of this association through the brilliant histological studies of a. G. e. Pearse and his group at the royal Postgraduate Medical School at Hammersmith Hospital, London. I visited this laboratory on my way home from the european Calcified tissue meeting in Bordeaux in april, and was so impressed by their work that I decided immediately to see whether ultimobranchial glands did, in fact, contain calcitonin.
after that visit he returned to Vancouver to begin a programme of research leading to the purification and sequencing of calcitonin from the ultimobranchial glands of salmon (niall et al. 1969 ), a molecule that had 30-50 times the biological potency of mammalian hormones and was subsequently accepted for therapeutic use in Paget's disease of bone, osteoporosis and hypercalcaemia.
the 1967 conference established a precedent for the presentation of the latest research, in many cases not yet published, and its very open and free discussion. Its success led to the subsequent conferences, the next in 1969, by which time calcitonins of several species had been sequenced. the Ciba group of robert neher, working with Iain MacIntyre, determined the sequences of porcine calcitonin (neher et al. 1968a ) and human calcitonin (neher et al. 1968b) . John Potts and colleagues independently sequenced porcine and bovine calcitonin (Potts et al. 1968) and salmon ultimobranchial calcitonin (niall et al. 1969) , the latter in collaboration with Harold Copp. Potts reviewed all this progress in the 1969 conference proceedings (Potts et al. 1969) .
Iain reviewed his laboratory's discoveries during the 1960s of calcitonin's mechanism of action, the evidence in vivo that it inhibited bone resorption without any stimulation of calcium uptake by bone (13, 15) , and the demonstration of the phosphaturic effect of calcitonin (14). He focused attention on the ultimobranchial origin of calcitonin-producing cells, having Jane Moseley and others caring for chickens, pigeons and african lizards in the laboratory, to enable the extraction of calcitonin activity from the ultimobranchial bodies (17). the special interest in the ultimobranchial bodies had led to the identification of medullary carcinoma of the thyroid as a calcitonin-producing cancer. the latter had been suggested in 1966 by e. Dilwyn Williams, a pathologist and a colleague of Iain's at Hammersmith (Williams et al. 1966) , and was established in 1968 by the MacIntyre laboratory (18, 19) and three other groups (Melvin & tashjian 1968; Meyer & abdel-Bari 1968; Milhaud et al. 1968) . the links that MacIntyre had with Pearse and Williams were the basis of many important discoveries concerning calcitonin, including the thyroid C cells, the separate ultimobranchial endocrine system in lower species, and the production of calcitonin in large amounts by medullary carcinoma of the thyroid. the ease with which these collaborations were generated reflects the academic atmosphere that prevailed at the rPMS, where discussion of clinical and basic science was conducted in an open and collegiate way, one that was nonetheless intensely competitive and outcome-oriented. Iain led the way in fostering this environment.
viTaMin d reSearch
In the 1969 meeting Iain introduced vitamin D as another major area of research in calcium metabolism. the production of labelled precursors with high specific radioactivity allowed the identification of biologically active metabolites, and it was recognized that vitamin D is a hormone precursor. It attracted him because he saw it as a discovery that would change thinking, coming so soon after calcitonin and offering new opportunities in the study of hormone regulation. He took it up readily and made major contributions to understanding of this new hormonal system. a leading figure in the field was Hector DeLuca (Madison, Wisconsin), whose presentation was a feature of the 1969 conference (DeLuca 1969), where he described the vitamin D pathway as a new endocrine system, beginning with the hydroxylation in the liver of vitamin D at C25, generating 25-hydroxyvitamin D. He showed that this modification confers substantially greater potency than vitamin D itself in promoting intestinal calcium transport in rats deficient in vitamin D. this began a dialogue that was to continue for many years, on the relationship between PtH, calcitonin and vitamin D metabolism, with Iain MacIntyre's laboratory being a central contributor.
Vitamin D metabolism and its regulation became a topic of central interest at the subsequent biennial conferences. attesting to the influence of those conferences, Hector DeLuca was a regular participant as well as others prominent in that field, including egon Kodicek FrS and David Fraser (Cambridge), tony norman (California) and Mark Haussler (nevada). If the calcitonin field had seemed to be contentious, vitamin D was often even more so. as an example the MacIntyre laboratory, through the work of Lee Galante, richard Larkins, Kay Colston and others, conducted extensive studies of the regulation of 1-hydroxylation of 25-hydroxyvitamin D through changes in dietary calcium and phosphate, showing that PtH was not essential to the stimulation of the 1-hydroxylase and, indeed, the effect of PtH was dependent on the concurrent level of calcium (20, 21) . although this finding was superficially at odds with the conclusion of DeLuca and others that PtH is an essential trophic hormone for the 1-hydroxylation of vitamin D (Fraser & Kodicek 1970; rasmussen et al. 1972; Omdahl & DeLuca 1973) , there was no real argument about the actual data from these several groups.
In presenting work such as this or writing about it, though, Iain in his inimitable way would express it with the aim of ensuring maximum reactions from the central participants. He rarely failed in this respect, with results that could entertain as well as inform of the latest and most authoritative science.
developMenTS in Molecular endocrinology
In the 1970s the methods of molecular biology were first being introduced into endocrinology, and Iain brought them to us with a foresight that was of very great educational benefit. John Potts (Harvard University and Massachusetts General Hospital) became a major contributor to the conferences. the Potts and MacIntyre laboratories and their colleagues were rivals in the 'race' to characterize the calcitonins, as outlined above, with Iain's colleagues sequencing porcine and human calcitonin, and Potts's group the bovine, porcine and salmon ultimobranchial hormones.
Potts brought with him over several years several gifted research fellows and colleagues (for example Hugh niall, Geoff tregear, Henry Kronenberg and Joel Habener) from a laboratory that led the field in studying the molecular biology of calcium-regulating hormones and their receptors, and had a major influence as a regular participant in Iain's conferences. Potts shared with Iain a highly competitive spirit that, as in Iain's case, was tempered with respect for sound scientific argument, good humour and cheerful acceptance of the outcome of any controversy, whatever way it concluded. Potts recalls that he and Iain were scientific competitors before they met-the first meeting taking place when Potts was invited by Iain to the 1967 conference. Iain met him on the steps of the royal College of Physicians before the opening reception that was such a splendid feature of the meetings. Iain greeted him with 'you must be Potts', a friendly handshake and a trademark smile that was at once welcoming and querying, asking without saying 'you are my rival. What are you like?' this was the start of a long and rewarding interaction that soon became a family friendship that lasted until both Mabs and Iain died. In their interactions over the next several years Iain competed as always, but they valued not only the achievements of the Potts group but also how important their input was through the conferences in the early days of endocrinology becoming molecular. Furthermore, with the advent of gene cloning there was a period of several years when many thought that protein chemistry had outlived its usefulness. neither Iain nor Potts thought that way at any stage, and they were proved to be correct, with protein chemistry coming to be more important than ever. Iain retained great strength in protein chemistry in his laboratory throughout his whole career at the rPMS. also throughout this time, Iain's own laboratory was becoming more molecular, with contributions in vitamin D metabolism and its regulation, and studies of the actions of calcitonin and calcitonin gene-related peptide (CGrP). together with Howard Morris, Iain was the first to isolate and characterize the novel neuropeptide product of the calcitonin gene, CGrP. this was accomplished first from a medullary thyroid cancer, but soon afterwards also from normal tissue. CGrP was found to be an extremely potent vasodilator, possibly with a role in the pathophysiological regulation of blood flow (25). Iain put much effort of his laboratory into studying CGrP throughout the 1980s, characterizing its vascular effects and discovering neural origins of the peptide.
Much of this work, as well as studies on the related calcitonin family member, amylin, came from Sunil Wimalawamsa as a research fellow. Mone Zaidi also contributed much, as a PhD student and then research fellow, and also developed new methods to study calcium signalling in activation of the osteoclast (26) (27) (28) (29) . this captured Iain's interest particularly, requiring as it did the establishment of new technologies of time-lapse, video-assisted and computer-assisted imaging, and single-cell microspectrofluorimetry for the measurement of intracellular calcium and hydrogen ion levels. It led him to work on the regulation of bone cell function by nitric oxide (nO), and hence the later decision to join the William Harvey Institute.
the calcitonin gene continued to be of great interest to the MacIntyre laboratory. In studying the nucleotide sequence of the human calcitonin precursor messenger rna, Iain noted that cryptic peptides of unknown function flanked the calcitonin sequence, located near the carboxy-terminal end of the precursor protein. a 21-residue peptide based on the sequence was synthesized and found to decrease the plasma calcium (but not phosphorus) level in the young rat, and to inhibit resorption in vitro by mouse calvarial bones (22). the peptide was given the name katacalcin and was proposed as another calcitonin gene product that lowers plasma calcium. radioimmunoassay showed it to be present in amounts equimolar with calcitonin in the plasma of normal subjects and those with medullary carcinoma of the thyroid (22, 23) . When new syntheses of this peptide were performed, however, the hypocalcaemic and bone resorption inhibition effects could not be consistently reproduced, necessitating withdrawal of the original claim of biological activity within the cryptic peptide sequence (24). the co-secretion of this sequence remains likely, on the basis of immunological detection, but there is no known function of that portion of the molecule.
Work aT The rpMS
When Iain came to the rPMS in the early 1950s it was gathering staff in all its disciplines who were scientific and clinical leaders. Hammersmith Hospital at that time and for some years afterwards was in a privileged position of having academic clinical staff who were supported without necessarily being held to account for extensive delivery of clinical services. It was a place for people with talent, intellectual drive and ambition. this suited Iain admirably and he made his career there, appointed as an assistant lecturer in 1957 after holding the inaugural Jack Drummond Fellowship, then as lecturer in 1958. His ability to make the most of new technology was apparent in those days, something that he freely acknowledged was owed to the influence of earl King. He forged productive collaborations with clinicians, and quickly began to attract students and fellows, both local and from overseas, obtaining his first MrC grant in 1958: £700 to work on experimental magnesium deficiency in the rat.
He was appointed as reader in Chemical Pathology in 1963, the year that his calcitonin discoveries began to be published. In 1967, the year in which he and Harold Copp shared the Gairdner award in toronto, he was appointed as Professor of endocrine Chemistry and Chemical Pathology, and at the same time as Director of the endocrine Unit (previously the Wellcome Unit of endocrinology and later the rPMS endocrine Unit). His laboratory in the 1960s and 1970s attracted many sabbatical visitors, including alex Kenny and ernie Cotlove (USa) and C. Owen Parkes, abe rapoport and William Sturtridge (Canada). trainees included t. J. Martin, richard Larkins and Peter Greenberg (australia), Fred Singer (USa), Mone Zaidi and Sunil Wimalawamsa (India), Chris robinson, Peter Byfield, Jane Moseley, r. Charles Coombes, nick Woodhouse, Samir Girgis, Kay Colston, Hedley Freake, John Stevenson, Carrie Hillyard and tim arnett (UK), all of whom made notable contributions in later years. Iain took a great interest in their careers and showed great loyalty in his dealings with them, even if there were occasions when some considered him a hard taskmaster.
When Ian Wootton retired in 1982, Iain MacIntyre was appointed as Director of Chemical Pathology, a position that brought with it responsibility for the routine chemical pathology services. By that time the technical advances of automation, and the professionalism in technical and scientific staff under Wootton's leadership, were such that the service component continued to function at a high level. Iain took care to ensure that this continued to be so. as Director of the endocrine Unit, Iain worked closely with Stephen Bloom as Head of endocrinology, with the components of endocrinology working together in what Bloom describes as a spirit that was at the one time competitive rivalry, but always cooperative. together they established in 1985 two diploma courses in endocrinology-one in biochemistry, the other in pathology-designed with a balance between instruction and personal research, and with all areas of endocrinology contributing to each diploma. Some years after Iain retired, Stephen Bloom, who was Head of endocrinology, was appointed also as Head of Chemical Pathology.
inTernal poliTicS aT The rpMS/haMMerSMiTh hoSpiTal as the rPMS academic staff of consistently high achievers grew over the years, it was not surprising that the internal decision-making process, through the academic Board, was one that featured the same high level of argument and competition that featured in the institution's clinical and research meetings. Iain took the internal politics of the rPMS seriously, saying that this was the safest policy to pursue, and he was a very active contributor to the board's deliberations at all times. For example, when he was visiting my laboratory in Melbourne on sabbatical in 1980, as Commonwealth Visiting Professor, a particularly important rPMS academic Board meeting was scheduled during his seven months away, which led him unhesitatingly to make the trip back to London for two days.
For his last four years before retirement, Iain was chairman of the academic Board. the 1980s brought the prospect of major changes at Hammersmith Hospital, with the Stoker report in 1986 considering whether the rPMS should amalgamate with the Clinical research Centre, northwick Park. Iain was appointed to the Joint Committee considering this, together with Sir Frederick (later Lord) Dainton FrS, the Dean and two members of the area Health authority. a decision was hoped for by the end of the year, but that was not achieved by the time that Iain took over as Chairman of the academic Board in early 1987.
By mid-1987 there was still no outcome of the Stoker report. resolution of this within the rPMS staff through the academic Board required wisdom, tact and diplomacy as well as firmness. Iain was capable of all of these, in addition to his penchant for encouraging controversial discussion in the course of academic exchanges. His leadership as Chairman was instrumental in the academic Board's recommending to the rPMS School Council that the amalgamation should proceed at the Hammersmith Hospital site, to be a School of the University of London, and with its hospital governed by a Special Health authority and adhering to a 'Chiefs of Service' model of management. this was accepted in early 1988, together with the Medical research Council agreement of location at the Hammersmith Hospital site, with new building required. there was a stated need for exciting basic and clinical research, and the MrC would retain accountability for its financial investment. these changes were major ones for the rPMS, and hastened a process that had been in train for some years, during which there had been a gradual erosion of its links to and support from the Health Department. there was now a much greater emphasis on routine clinical service, unlike the situation that had obtained in Iain's earlier decades at the rPMS. His chairmanship of the academic Board was a successful one, in which he steered the board through difficult waters.
In December 1987 a committee was appointed by the academic Board to consider the future of the Chair of Chemical Pathology that was to be vacated upon Iain's retirement in September 1989. Of course Iain absented himself from these discussions. the committee decided that on academic grounds the position should be replaced, first considering renewing the position as Professor of Molecular Biology, then as Professor of Protein Chemistry. Ultimately the decision was dictated by the dire financial outlook of the rPMS at that time, and Professor Donald Moss, who had a personal chair, was made Head of Chemical Pathology.
The WilliaM harvey inSTiTuTe, 1990 inSTiTuTe, -2008 It had been Iain's intention, and one welcomed at the rPMS, that when he retired he would continue research at Hammersmith Hospital in an emeritus capacity. Sir John Vane FrS had established the William Harvey Institute in 1986 as a research home for distinguished scientists conducting academic research and working closely with industry. When he invited Iain to join in 1990 upon his retirement from Hammersmith, this was a prospect with real attraction. as a result of the work on osteoclasts in the previous several years he had decided to work on nO in bone, and the William Harvey appointment as Deputy Director to John Vane would provide opportunities to collaborate with experts in that area-Vane himself, and rod Flower FrS, and close association with Salvador Moncada FrS. Iain recognized that the modus vivendi of academic life at the William Harvey Institute was distinctly different from that at Hammersmith, but he appreciated that it was ideal for him, with collaborations readily established, and an atmosphere of collegiality among a number of distinguished scientific colleagues. another whom he related to closely was Gustav Born FrS, and it was the atmosphere of free exchange of ideas among peers that provided such attraction to Iain in this final stage of his career, so much so that he did his best to keep spending time at the Institute despite the difficulties through the final illness of his wife, Mabs, and then his own illnesses.
In his work at the rPMS Iain had found nO to be a powerful inhibitor of osteoclast function, with the source of nO probably being the abundant nO-producing endothelial cells in the bone marrow (30) . In work that he continued at the William Harvey Institute, collaborating with Maria Luisa Brandi (Florence), he found that nO also promoted osteoblast replication, raising the possibility that nO might be involved in bone remodelling both normally and in osteoporosis, when nO production is likely to be defective (31) . this work on bone cells was taken further with the finding in rat osteoclasts that both the inducible nO synthase (inOS) and the endothelial type, calcium-sensitive nO synthase (cnOS), are produced and act within that cell population to limit osteoclast formation and therefore bone resorption (29) . In addition to further work on nO regulation (32) , he also contributed much to other William Harvey research, collaborating with Mauro Perretti and Lucia Mancini in finding that calcitonin synergized with prednisolone in producing anti-arthritic effects in a model of inflammatory arthritis in the rat (34) , thereby raising the prospect of using calcitonin to reduce the side effects of glucocorticoids. In 2007 the William Harvey Institute licensed the patent for this to Unigene, and collaborative research began in 2008. this was Iain's last research project and one that gave him particular pleasure, keeping him interested and involved until the year he died. He often mused that throughout the more than four decades since the discovery of calcitonin, the hormone went through highs and lows, sometimes almost disappearing off the scientific map, then appearing again with new and exciting information that would lead to some new discovery.
SoMe perSonal noTeS
Iain and Mabs lived first in Putney when they moved to London from Sheffield, then in the late 1950s to new Malden, before settling in Fulham and then Chelsea. Iain fitted in comfortably to the atmosphere of rPMS/Hammersmith Hospital throughout his time there, as did Mabs in relating to colleagues and families. In his early years there, that egalitarian atmosphere might be described as having been more socialist in outlook than conservative. Iain underwent a change, though, beginning in the mid-1970s to adopt a somewhat more flamboyant dress and lifestyle, that were more in keeping with his outgoing personality. I recall particularly when he arrived as a sabbatical visitor to my department in Melbourne in 1980: he gave a lecture soon after his arrival, wearing a pinstripe suit with purple shirt, white collar, and matching red tie and pocket handkerchief. Our much respected Scottish professor of pathology, Harold attwood, sitting next to me, said: 'this man surely can't be a Scot?' Iain and Mabs both read voraciously and loved the theatre. Iain's interest in many forms of sport continued throughout his life: Wimbledon was a focus for him each year, and he continued to enjoy playing tennis at the Hurlingham Club, always competitive even when age slowed him down. their acquisition of Great Broadhurst Farm in Sussex in 1983 gave Mabs and Iain much joy and tranquillity for the remainder of their lives, as a retreat into the beautiful Sussex countryside that they used very much at weekends and longer. It was a focal meeting point for family, much loved also by daughter Fiona and her family. the MacIntyres were great hosts, loved to entertain, and did so with elegance and style at gatherings of friends there. as a charming and interested hostess at all of Iain's conferences, Mabs was an essential feature, doing much for the social success that accompanied the scientific success, with graceful social evenings that put controversy into perspective and encouraged collegiality. Mabs was as interested and concerned as Iain was for those who worked with him and their families, keeping in touch over decades, with Mabs in particular having a most remarkable long-term memory of names, events, interactions and family details.
Iain MacIntyre was one of the outstanding scientists in endocrinology throughout his career, by virtue of the work from his own laboratory but also because of his great facility in contributing positively to debate in many of the controversies in the fields of calcitonin, PtH and vitamin D, Paget's disease and osteoporosis. Iain entered joyously into those discussions, often provoking and then fanning contentious subjects, then working with skill, charm and infectious humour to ensure the best academic outcome. His academic career was a most distinguished one, with leadership in research, graduate education and administration. He was a great mentor, companion and collaborator. He was wonderfully supported throughout by his beloved wife, Mabs. Her long and difficult illness ended in 2003, during which time Iain himself was seriously ill, improving during the last year of Mabs's life. through those times that were so difficult, both retained their natural humour and zest for life, and concern for others, as Iain did in his final illness. acknoWledgeMenTS I was helped greatly by discussions with Fiona MacIntyre, with angus MacIntyre FrS and with Lorn MacIntyre, who corrected some of my mistakes in family history. I appreciate the advice of John Potts, rod Flower FrS, Sir Stephen Bloom and Sir Keith Peters FrS, and acknowledge the great help given by Jessica Silver and Catharine Harphan during a week spent at the Corporate records Unit and College archives, Imperial College.
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